 Med. 2004;46:699 -706) 
proper meta-analysis in the 17 studies on cardiovascular disease endpoints is not considered appropriate because of the diversity of the identified studies in outcome as well as exposure (type of shift schedule, duration of shift work). Whereas most studies so far have been conducted in males, the four studies addressing females suggest that shift-working women have a relative risk similar to men. Several explanations for the elevated risk have been proposed, including disturbance of physiological rhythms, changes in behavior, and disturbed sociotemporal activities. 2 Until now, information favoring the involvement of one or more of these mechanisms was not sufficient to favor one or more of these explanations. In a review on possible mechanisms for cardiovascular disease in shift workers, Knutsson and Bøggild 3 concluded that social factors, stress, and behavioral variables may play a role, but the disturbance of circadian physiological rhythms as a consequence of night work also was regarded as probably relevant. Monitoring changes in cardiovascular disease risk factors in shift workers could provide evidence confirming or refuting some of the explanations. This information might contribute to effective strategies for cardiovascular disease prevention.
Most studies that addressed cardiovascular disease risk factors in shift workers, reviewed in the article of Bøggild and Knutsson, 1 until now have been cross-sectional. Crosssectional studies are susceptible to bias, especially because of selective dropout (healthy worker effort). Only two longitudinal studies were found comparing changes of cardiovascular disease risk factors between shift workers and daytime workers. The study of Knutsson et al 4 did not show significant different changes in cardiovascular disease risk factors between the 12 shift workers and 13 daytime workers during a 6-month period. This might be a consequence of the relatively small sample size. The study of Morikawa et al 5 displayed an increased 5-year hypertension risk in younger shift workers but not for the older shift workers. No other cardiovascular risk factors were included in this study. To summarize, the information available is not sufficient to confirm or reject the involvement of unfavorable changes in one or more cardiovascular risk factors in the elevated cardiovascular disease risk.
Therefore a 1-year cohort study among 239 shift workers and 157 daytime workers was conducted. The aim of this cohort study was to compare changes in cardiovascular risk factors during a 1-year period between shift and daytime workers to identify possible factors that might explain the elevated cardiovascular disease risk among shift workers. To avoid selection bias, much effort was put in follow up of dropouts and participants who changed jobs.
Subjects and Methods

Study Population
Potential participants were approached during an 18-month period using three strategies to sample from different shift work schedules: (1) persons undergoing a pre-employment medical examination in two occupational health services; (2) all workers in a newly built waste incinerator plant; and (3) nurses, starting with their practical in hospital training. The following inclusion criteria were used: (1) starting in a new job; (2) working at least 32 hours a week; (3) expecting to work next year in the same job; (4) no use of medication or previous hospitalization for a cardiovascular disease; (5) no insurmountable objections against shift work (see data collection); and (6) aged between 18 and 55 years of age.
A total of 707 people were approached for participation in the study; 98 were not eligible (13.8%,) because they did not match the criteria mentioned above, 30 because they worked less than 32 hours a week, 32 because they expected to quit their job within 1 year, 11 because they had a history of cardiovascular disease, 18 because they had "insurmountable objections to shift work" (all day workers), and 7 because they did not match the age criteria. Of the 609 eligible respondents, 213 refused to participate (35%). The major determinant of the nonresponse rate was the time involved in traveling to the research location. For the respondents who were measured close to their workplace (n ϭ 518), the response rate was 75%, whereas the response rate for workers who had to travel to participate in the study (n ϭ 91) was 8%. The calculated response rates for shift workers and daytime workers were 65% and 63%, respectively. A total of 396 people participated in the baseline measurement. In Table 1 a summary is given of the number of respondents included for the repeated measurement. In total, 364 people were measured for the second measurement. We excluded three respondents because of a pregnancy within the follow-up period. Nineteen observations were excluded from the analysis because of missing values. This study was approved by the ethical committee of the Wageningen Agricultural University.
Data Collection
Measurements were performed between 1 week and 2 months after the start of a new job in day or shift work and were repeated after 1 year. All participants received a questionnaire and were asked to return it by mail after completion. Unclear or missing answers were verified by telephone.
Most questions were closed-ended and came from standardized questionnaires.
Current Job Title and Job History. We asked for the current job, including company, department, and shift work schedule. According to social status and job content, all jobs were coded. In total nine different job titles were used. In this study, we defined shift work as working in an alternating work schedule, including nights. Information on all previous Personal Characteristics. In the questionnaire, educational level was divided in seven categories, from elementary school to university education. In the final analysis, these were categorized in junior education, senior education, and higher education. The physical activity indexes for work, sport, and leisure time were assessed as described by Baecke et al. 6 The ranges of the indexes were 1.1 to 4.3, 1.0 to 5.2, and 1.3 to 4.5 respectively. Current (type, quantity) and past smoking habits (type, years, and quantity) were asked.
Anthropometric Measurements.
Measurements were conducted between 1 week and 2 months after the beginning of a new job. Weight, height, and waist and hip circumferences were measured in a standing position. The waist circumference was measured at the level of the umbilicus, and the hip circumference at the widest part over the buttocks. Body mass index (BMI), that is, weight/height 2 (kg/m 2 ), and the waist-to-hip ratio (WHR), that is, ratio between the waist and hip circumferences, were calculated.
Plasma Cholesterol Measurements. Serum of nonfasting blood samples was obtained by centrifugation and stored at Ϫ80°C. The sera were analyzed enzymatically for high-density lipoprotein (HDL) and total.
7 Low-density lipoprotein (LDL) cholesterol was calculated using the Friedewald formula.
Dietary Assessment. A self-administered food-frequency questionnaire that measured the intake of energy, total fat, saturated fat, monounsaturated fat, polyunsaturated fat, and cholesterol was filled out by the respondents. 8 Blood Pressure. Blood pressure measurements were performed using a tensoplus OSZ2 oscillometric sphygmomanometer. A trained technician read the blood pressure with a stethoscope placed on the brachial artery. All measurements were performed in triplicate, all at least 5 minutes apart. An average of the three readings was used in the data analysis.
Job Strain. Job strain, separated in psychological demands and decision latitude, was assessed using a validated Dutch version of the selfadministered Job Content Questionnaire.
9,10
Data Analysis
Only subjects without missing data were included in the data analysis. Data are presented as mean values or absolute change between the first and second measurement. Chi-square and unpaired t test were used to test baseline differences between the day and shift workers. A paired t test was used to test different changes within the shift and day workers for the continuous variables. For the class variables, a chi-square test on the status of change (no change, favorable change, unfavorable change) was used. For the test of a different change between the shift and day workers, the mean individual differences between baseline and 1 year of follow-up were tested with the unpaired t test or chi-square test. Linear regression and logistic regression was used to evaluate effect modification, to evaluate possible regression to the mean, and to adjust for potential confounders (educational level, gender, age and job strain variables, and the variable under study at baseline). All analyses were performed using the Statistical Analysis System (SAS; Cary, NC).
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Results
In Table 2 the mean baseline values are presented. As can be seen from the table, at baseline the shift workers had a slightly higher age and a significantly less favorable cardiovascular risk profile (smoking habits, BMI, WHR, LDL/HDL ratio, and leisure time physical activity, although for the latter two the difference was not significant between the shift and day workers.). Also significantly more shift workers were current or former smokers. They also reported significantly lower psychological job demands and lower decision latitude. Also significantly more of the shift workers were males.
In Table 3 the changes in cardiovascular risk factors from baseline to 1-year follow-up are presented. Compared with baseline, the percentage of smokers and the number of cigarettes smoked per day (in smoker only) increased more in shift workers compared with daytime workers. BMI and WHR decreased significantly in the shift workers compared with their own baseline values. For BMI, this change also was significant when compared with the in-crease in the employees working in daytime. No different change was found between the shift and daytime workers in diastolic and systolic blood pressure. Comparing the 1-year change in energy intake between the shift and daytime workers, both groups displayed a decrease but the decrease in the daytime workers was significantly higher. Also, the amount of energy from fat and the cholesterol intake were reduced in both the daytime as well as shift workers, but this decrease only reached statistical significance in the daytime workers, whereas the difference between the shift and daytime workers was not significant. Psychological job demands were significantly increased in both shift workers and the daytime workers, but the difference was not significant. Significant decreases in total and LDL cholesterol and an increase in HDL level were found in shift workers, but compared with the 1-year change for daytime workers, this decrease was not significant. The LDL/HDL ratio was significantly decreased in both shift and daytime workers, but the decrease was almost 50% higher in the shift workers compared with the daytime workers (P Ͻ 0.01). A separate analysis in males and females revealed similar results as presented before (data not shown). Only in males, a significantly decreased level of social support was found in shift workers compared with daytime (shift workers: Ϫ0.13, daytime workers: ϩ0.12, P value difference: 0.001). Analysis of the results with Analysis of the respondents changing from a daytime job to a shift work job between baseline and the 1 year of follow-up (n ϭ 32) revealed a significantly higher decrease in BMI compared with daytime workers (Ϫ0.36 kg/m 2 and ϩ 0.13 kg/m 2 , respectively, P ϭ 0.05) and an higher increase in number of cigarettes smoked per day in smokers (ϩ2.54 and Ϫ1.03 cigarettes per day, respectively, P ϭ 0.02), but no considerable difference was found for any of the other cardiovascular risk factors. For the respondents changing from a shift work to a daytime job (n ϭ 34) a higher decrease of physical activity during sport (Ϫ0.40 vs. Ϫ0.09, P ϭ 0.04), and higher decrease in amount of cigarettes smoked per day in smokers (Ϫ1.17 vs. ϩ 1.42 cigarettes per day, P ϭ 0.1) and higher increase in waist to hip ratio (ϩ0.0051 vs. Ϫ0.009, P ϭ 0.04) was found compared with workers who stayed in their shift work job, but no considerable change in any of the other factors was found. As expected, the workers changing from a shift work and daytime job to unemployment (n ϭ 6) or long time sick leave (receiving a benefit according to the Dutch disablement insurance act: W.A.O.) (n ϭ 6) did report a significantly decreased physical activity compared with workers who remained in their job. No other significant changes were found for this group. Shift workers had a higher risk of being on sick leave (W.A.O.) after 1 year of work compared with Only the data from workers not changing work schedule is presented (105 daytime and 159 shift workers).
Significance level 1 year change not equal to 0: * P Ͻ 0.05; ** P Ͻ 0.01; *** P Ͻ 0.001. † Chi-square test, P value for all categories together.
daytime workers (relative risk 2.46; 95% confidence interval 0.57-10.6).
We further conducted an analysis of the 1-year changes according to shift work status at baseline (in analogy to the analysis for intention to treat). This analysis did not reveal considerable changes in the reported changes compared with the results in the respondents who remained in their job.
Discussion
At baseline, significantly more shift workers were smoking, and they had a higher BMI, WHR, and percentage energy intake from fat compared with daytime workers. The change from baseline to 1-year follow-up displayed a significantly larger decrease in BMI and LDL/ HDL cholesterol level in shift workers compared with daytime workers. The number of cigarettes smoked per day (in smokers only) increased significantly in shift workers compared with daytime workers. None of the other cardiovascular risk factors displayed a significantly different change between the day and shift workers. Because the reported results may have been biased, we will first discuss the validity of the reported results.
One of the most important sources of bias when investigating shift work related health effects is the selection of people starting in shift work. People who assume that they are not capable of working in shifts are less likely to apply for a shift work job. This self-selection might be influenced by job availability in a specific region. Also, companies may use different criteria when employing shift workers compared with daytime workers. By using a cohort design, where each respondent serves as his or her own control, one might expect that the effect of existing pre-job differences between shift and daytime workers because selection is removed. Moreover, in this study, daytime workers who indicated that they would never work in shifts were excluded from the study (n ϭ 18).
Also, as indicated in the results section, we conducted a separate analysis, excluding those workers with previous shift work experience. This did not lead to different results. Nevertheless, differences in sensitivity to the effects of shift work might still be present between the shift and daytime workers because self-selection into the job might have occurred. The size of this effect cannot be estimated, but we consider it to have probably led to an underestimation of the relation between shift work and change in cardiovascular risk factors. We assume people who are more sensitive to the effects of shift work are the ones less likely to start working in shifts. When translating the reported results to other populations, one has to consider the possibility of differences in selfselection between different areas because job possibilities might be different between different regions. This might lead to differences in the group of shift workers with regards to their health status before the start of the job and might possibly also have implications for their sensitivity to shift work.
Secondary selection, where shift workers move out of their job, will be a source of bias if the change of job is related with a change in cardiovascular disease risk factors. Analysis of the people moving out of their shift work job, however, did not reveal unfavorable changes in any of the cardiovascular disease risk factors compared with the shift workers. For BMI and smoking, the change in the respondents swapping from a shift-work job to a daytime job resembled the changes encountered in the people working in a daytime job. It is therefore concluded that secondary selection did not bias the reported results. This was further supported by the results of an analysis of the 1-year changes according to shift-work status at baseline (in analogy to the analysis for intention to treat). This analysis did not reveal considerable changes in the reported changes compared to the results in the respondents who remained in their job.
Measurement errors and within person biological variation in the measured cardiovascular risk factors might differ between the shift and daytime workers and cause biased results. If, for example, measurements are performed after a night shift, the levels might be changed not because of shift work but because the measurement was taken in a different phase of the circadian rhythm. Because for most respondents the baseline and repeated measurement were performed on the same time and day of the shift rotation schedule, we assume that the amount of systematic error is comparable between the first and second measurement. When calculating the change between the first and second measurements, this systematic error will level out. A dilution of possible effects of shift work as a result of random errors and biological variation will remain. However, because only within person variation has to be considered, the size of this effect is considered to be small. The random error between the first and second measurement could have been larger as compared to the day workers as the circadian rhythm in day workers is expected to be more robust.
As we conducted the baseline measurements between 1 and 8 weeks (average, 2 weeks) after the start of a new job the possibility exists that changes very early (within 2 weeks) after the start of a new job are missed. For most of the cardiovascular disease risk factor, however, we assume that the duration of this period was too small to have a noticeable effect. Most lifestyle risk factors were assessed using a questionnaire concerning the preceding 3-month period. Therefore, the 2 weeks of exposure to shift work would probably not have a large impact on the questionnaire scores. Also, for the BMI and WHR, a shortterm effect within 2 weeks is not very likely. For the blood lipids and blood pressure, a short-term effect of shift work cannot be excluded, although the effect is considered to be low. However, it might explain a part of the baseline differences in cholesterol levels between the shift and day workers. Another issue of concern is that the duration of 1 year of follow-up might be not long enough to show significant changes in cardiovascular disease risk factors. However, the results from other studies conducted so far do not support a long time window without effects. The study of Knutsson et al, 12 for example, already showed a relative risk of 1.5 in subjects working 2 to 5 years in shift work.
Differences in work conditions between the shift and daytime workers may confound the relationship between shift work and the change in cardiovascular risk factors. We assume that this confounding caused an overestimation of the relation between the change in cardiovascular risk factors and shift work and could therefore not explain the reported results. In addition, we performed a correction for the most important work related confounders, workplace noise, job strain and physical activity at work, which did not yield different results. Therefore, work conditions are not considered to be important confounders in this study.
Because the shift workers displayed significantly elevated BMI and smoking levels compared with the daytime workers, regression to the mean might have been responsible for the reported change in BMI and smoking. However, an analysis with the inclusion of baseline values of BMI or smoking as independent variables did not show different results. It is therefore concluded that regression to the mean could not explain the reported results. Overall, although the total amount of bias cannot be estimated precisely, bias of the reported results is considered to be low and nondifferential and lead to a small underestimation of the relation between shift work and change in cardiovascular risk factors.
Comparison of our data with the few cohort studies is difficult because of the difference in number of respondents included in most of these studies. Of the cohort studies on cardiovascular risk factors, the study of Morikawa et al 5 on hypertension risk among shift workers is the largest so far. In this study, a higher 5-year relative risk for hypertension in younger shift workers (ages 18 to 29) but not for the older shift workers was reported. In our data, where most respondents belonged to the 18-to 29-year age group, no changes in blood pressure were found. The shorter time of follow-up in our study might be an explanation for the differences with the study of Morikawa. But another possible explanation might be that the decrease of BMI as found in our data has prevented a possible increase in blood pressure.
Four studies reported a positive relationship between BMI and duration of shift work. [13] [14] [15] [16] This is in contrast with the decrease of BMI in shift workers as found in this study. One might hypothesize that the decrease of BMI found in shift workers as compared with the day workers might partially be explained by increased smoking by the shift workers. As in other studies, 17, 18 significantly lower BMI levels were found in smokers. However, this relation was not sufficient to explain the total reported effect. Another possible mechanism involved might be a change in the neuro-endocrine secretion of hormones, which can be disturbed by sleep problems 19 and shift work. 20, 21 However the discrepancy between the reported increase of BMI with number of years worked in shifts found in several studies and the decrease of BMI found in this study remains puzzling. One might hypothesize that the disturbance of the metabolic system after the start in a shift work job causes a decrease of BMI, which in the long term is compensated by an increased energy intake, leading to a increase in BMI after several years of working in shifts. Another explanation might be a change of behavior of the participants, caused by the inevitable attention on cardiovascular health because of the realization of the study itself. Although this is likely to have occurred in both the shift and day workers, the shift workers might have been more susceptible because a relation between shift work and cardiovascular risk factors might have occurred by entering the study, making the shift workers more health conscious. The decreased levels of energy intake as reported in the shift as well as the daytime workers might be an indication for the latter effect.
Except for the study of Knutsson et al, 4 no cohort studies were found reporting on changes in smoking habits and other lifestyle risk factors in shift workers. In contrast to our data, in this study no different change in smoking habits between the day and shift workers was found. Contrary to our findings regarding the longitudinal changes in blood lipids, Knutsson et al reported a slightly less favorable shift in blood lipid profile in the shift workers as compared with the day workers, although the differences were small and insignificant. This difference can be attributed to the small number of respondents in the study of Knutsson et al as compared with our study population. Results from the crosssectional studies, reviewed as by Bøggild and Knutsson, 1 revealed 12 studies that reported higher smoking rates among shift workers compared with daytime workers (only one reported a significant difference), one study reported no difference, and one study reported more smokers in the daytime group. Most authors explained this by differences in socioeconomic status between the shift workers and daytime workers. But the results from this study, with an increased change smoking rate in the shift workers, which remained significant even after correcting for educational level, might indicate that other factors might be important in the elevated smoking rate among shift workers. It might be that a shift work-related decreased social support is involved in the increase in smoking because we found a significant negative correlation between staring to smoke and social support at baseline within the shift workers (specific data not shown).
Using the data on the cardiovascular disease risk from the Framingham study 22 a crude estimate of the risk of the increased cigarette smoking in shift workers can be calculated. Assuming that the increase of 2.4 cigarettes per year remains constant over a 20-year working life in the 36% of smoking shift workers, an average excess of 17 pack-years can be calculated. The relative cardiovascular disease risk in the shift workers due to an increased smoking rate is than estimated to be 1.1.
The study of Knutsson et al 4 is the only cohort study published so far reporting on changes in blood lipids in shift workers. As in our study, Knutsson et al reported no significant different changes in cholesterol between 13 day workers and 12 shift workers from the start of employment compared with 6 months at work. Also, most of the crosssectional studies on biomarkers of cardiovascular disease among shift workers reported no or small differences between shift workers and daytime workers. 13 Another approach regarding the effects of shift work in relation to cardiovascular disease risk factors was taken by Bøggild and Jeppesen. 23 In a quasiexperimental controlled intervention among 101 nurses, they found that when ergonomic shift criteria were applied, favorable changes in blood lipids and lipoproteins occurred. In our study, we did not found significant differences between the different shift schedules included. However, this might be the result of the low numbers in some of the included shift schedules in our study.
To conclude, our results combined with the results from other studies provide no evidence for the hypothesis that working in shifts leads to a substantial unfavorable change in the cardiovascular risk profile. The only factor found in our study that could explain a part of the elevated cardiovascular disease risk for shift workers is smoking. One may speculate that shift workers increase their smoking to compensate for a decreased social support or because of the stress related to working in a shift schedule. Taking the results from our study together with all other available data on the cardiovascular risk factors in shift workers it seems unlikely that lifestyle habits or changes in one or more of the conventional biological risk factors can explain the elevated cardiovascular disease risk in shift workers.
